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httpcense.Abstract Aim: To test and compare the sensitivity and accuracy of color Doppler and MRI in
prenatal diagnosis of placenta accreta (PA) in gravid uterus with prior surgery.
Patients and methods: Twenty eight gravid women with prior uterine surgery and abnormal placen-
tal position were collected after meeting the inclusion criteria depending on gray scale sonographic
ﬁndings which suggested placenta accreta. Color Doppler and MRI ﬁndings were classiﬁed as posi-
tive and negative according to presence or absence of imaging criteria of placenta accreta. The sen-
sitivity and accuracy of color Doppler and MR imaging were compared.
Results: The surgical and pathological reports of our patients conﬁrmed placenta accreta in 11/28
(39%) patients. According to color Doppler 15/28 (53%) patients were positive and 13/28 (46%) were
negative for placenta accreta with sensitivity 90%, accuracy 78%, and speciﬁcity 70%. According to
MRI ﬁndings 14/28 (50%) patients were positive for placenta accreta and 14/28(50%) were negative,
with sensitivity 90%, accuracy 82%, and speciﬁcity 77%.
Conclusion: Color Doppler and MRI were useful in the diagnosis of placenta accreta with the same
sensitivity and positive impact on the peripartum clinical management.
 2012 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
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Adherent placenta, including placenta accreta (PA) occurs
when the trophoblastic villi invade beyond the normal conﬁnes
of the decidua (1–4). It is a major cause of obstetric hemorrhage
and is thus associated with signiﬁcant maternal and fetal mor-
tality, estimated to be 6–7% and 9–19%, respectively (2,4,5).
Prior Cesarean section (CS) and placenta previa are the two
most important risk factors, others include advanced maternal
age, uterine anomalies, previous uterine surgery, dilatation and
curettage, and myomectomy as additional but relatively minor
risk factors (1,2,4,5). In most cases adherent placenta isProduction and hosting by Elsevier B.V.
.05.004
474 M.A.G. Shweel et al.diagnosed at the time of delivery when total removal of the pla-
centa from the uterus fails and hemorrhage occurs (6,7).
Prenatal diagnosis especially in high-risk patients, can im-
prove the prognosis by enabling preparation for a possible
obstetric emergency or uterine artery embolization. This is
associated with less maternal morbidity, such as reduced need
for blood transfusion and a lower incidence of disseminated
intravascular coagulation (8–10).
The diagnosis of placenta previa accreta using gray-scale
sonography has been previously described. More recently, col-
or Doppler ultrasound (US) has been suggested to aid in the
diagnosis of placenta previa accreta because it highlights
abnormal areas of hypervascularity with dilated blood vessels
within the placental and uterine tissues (11–13).
Although US remains the primary modality in the evalua-
tion of placental implantation, in recent years there has been
an increased interest in the use of MR imaging. MRI will prob-
ably never be used as a screening tool for placenta accreta. It
theoretically should be useful in conﬁrming placenta accreta
in those identiﬁed by ultrasound. Some authors have suggested
that MR imaging is most clearly indicated when there is a pos-
terior placenta or when the US ﬁndings are ambiguous. Others
have suggested that MR imaging can better deﬁne areas of
abnormal placentation, modify levels of invasion, and ulti-
mately change surgical management and should be used rou-
tinely (14–17).
1.1. Aim of the work
To test and compare the sensitivity and accuracy of color
Doppler ultrasound and MRI in the diagnosis of placenta
accreta in women with prior uterine surgery.2. Materials and methods
This study was approved by the ethical committee of our insti-
tution. The study population comprised 28 consecutive gravid
women with a history of previous uterine surgery who were
suspected to have had placenta accreta. The patients were col-
lected between January 2009 and October 2011. Age ranged
from 23 to 42 years, all were less than 30 weeks of gestation.
They underwent gray scale obstetric sonar followed by color
Doppler sonography and MRI imaging after meeting the
inclusion criteria. Inclusion criteria were based on the clinical
history of previous uterine surgery and gray scale trans-
abdominal sonography ﬁndings. To be included in this study
the patient showed: (1) Abnormal placental position (accord-
ing to ACR, placenta previa was deﬁned as complete or total,
in which the placenta covers the internal cervical os, marginal,
in which the placental tissue abuts but does not cover the inter-
nal cervical os and low-lying, when the lower edge of the pla-
centa was within 3 cm from the internal cervical os). (2) One of
the following trans-abdominal sonographic gray scale ﬁndings
that suspects placenta accreta (presence of placental lacunae,
loss of the retro-placental sonolucent zone, and thinning or
disruption of hyperechoic serosa–bladder interface).
2.1. Color Doppler sonography technique
21/28 (75%) of our patients were scanned by a 7.5 MHz endo-
vaginal probe of GE LOGIQ 5, the remaining 7/28 (25%)patients were scanned by a 3.5–5 MHz trans-abdominal curved
array probe of GE LOGIQ 5. The patients were instructed to
keep the bladder mildly distended before examination for a
better evaluation of the serosa–bladder interface, and UB
bulging. For transvaginal (TV) color Doppler examination,
the probe was covered with a thin layer of gel and loaded in
a thin disposable condom, the patient lying supine, knees
ﬂexed and hips slightly elevated on a pillow. The transducer
was inserted cautiously into the vagina, up to a short distance
from the cervix under continuous observation of the image.
2.2. MRI technique
MRIwas performed by usingGyroscan Intera Philips 1.0 Tesla.
Before MRI examination, the patients were routinely ques-
tioned about any of the conditions which may be a contraindi-
cation for MRI. They were instructed to avoid movements
during scanning. Images are acquired by using body coil. A
multiplanner fast ﬁeld echo (FFE) localizer upon which the
pulse sequences were planned starting from the diaphragm to
the symphysis pubis or beyond if necessary to cover large area.
A typical sequence was used during amaternal breath-hold with
126/4 (repetition time ms/echo time ms), 80 ﬂip angle, a 24 ·
32-cm ﬁeld of view, a 96 · 256matrix, a 5-mm section thickness,
and one signal acquisition, for an acquisition time of 12 s. T2-
weighted single-shot fast spin echo sequences were acquired in
the axial, sagittal, and coronal planes using the following
parameters (TR 5000/TE 110 ms, echo train length 13–15, slice
thickness 5–7 mm, gap 1–2 mm, Field of view 24–38 cm, excita-
tions (NSA) 3 and matrix 304 · 512). Axial T1W spin echoMR
images (TR 162, TE 10–14 ms, slice thickness 5–7 mm, gap
1–2 mm, ﬁeld of view 24–38 cm, ﬂip angle of 90, excitations
(NSA) 1–2 and matrix 256 · 256). Intravenous gadolinium
was not used.
2.3. Image analysis
Patient’s clinical data were obtained by referral obstetricians
and collected. Each modality ﬁndings were evaluated. Color
Doppler sonographic criteria for positive diagnosis of PA were
placental lacunae with turbulent blood ﬂow pattern, gap in the
myometrial blood ﬂow and hypervascular serosa–bladder inter-
face or dilated vessels over peripheral subplacental zone. Mag-
netic resonance ﬁndings criteria for positive diagnosis of PA
were placental heterogeneous signal, dark intraplacental bands
on T2WI, uterine wall bulging, focal interruptions in myome-
trial wall, tenting of the bladder and direct visualization of the
invasion of pelvic structures by placental tissue. The ﬁndings
were considered negative for sonography andMRI, if the report
concluded nonspeciﬁc feature of placenta accreta.
2.4. Elective pre-labor CS were done for all patients
Placenta accreta was diagnosed by operative ﬁndings at CS
and conﬁrmed by pathological diagnosis. Maternal delivery re-
cords and ﬁnal pathology reports were collected. Outcome
information was obtained by reviewing color Doppler, MRI
ﬁndings, ﬁnal surgical and pathology reports of each patient.
Statistical analyses were performed using a statistical software
package (SPSS version 9; SPSS, Chicago, IL). The sensitivity,
accuracy and speciﬁcity of US and MR imaging in prenatal
diagnosis of placenta accreta were compared.
Table 2 Color Doppler US ﬁndings in 28 patients suspected
to have placenta accreta.
Color Doppler ﬁndings Number
Placental lacunae with turbulent blood ﬂow 15/28 (53.5%)
Hypervascular serosa–bladder interface 10/28 (35.7%)
Gap in the myometrial blood ﬂow 5/28 (17.8%)
Dilated vessels over peripheral sub-placental zone 4/28 (14.2%)
No speciﬁc Doppler criterion 13/28 (46.4%)
At least two color Doppler criteria 10/28 (35.7%)
Table 3 MRI ﬁndings in 28 patients suspected to have
placenta accreta.
MRI ﬁndings Number
Dark intra-placental bands on T2WI 14/28 (50%)
Placental heterogeneous signal 10/28 (35.7%)
Uterine wall bulging 5/28 (17.8%)
Focal interruptions in myometrial wall 3/28 (10.7%)
Tenting of the bladder 2/28 (7%)
No speciﬁc MRI criterion 14/28 (50%)
At least two MRI criteria 10/28 (35.7%)
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The age of our patients ranged from 23 to 40 years old, at the
time of diagnosis with mean age 33.2 years. All patients
(100%)hadpast history of uterine surgery, 23/28 (82%)hadpre-
vious CS (5/20 had 3, 11 had 2 and 7 had one CS), 3/8 (10.7%)
had uterine curettage and 2/8 (7.1%) hadmyomectomy. Abnor-
mal placental position was detected in all (100%) patients (Low
lie in 21/28 (75%), perviamarginalis in 5/28(17.8%), and pervia-
centralis in 2(7%) patients). Thirteen patients (49.4%) had at
least one episode of antepartum hemorrhage. Patient’s charac-
teristics were shown in Table 1
Placental lacunae with turbulent blood ﬂow was most fre-
quently encountered in color Doppler ﬁnding as it was noted
in 15/28 (53.5%) patients, hypervascularity of serosa–bladder
interface was detected in 10/28 (35.7%) patients, while mark-
edly dilated vessels over peripheral subplacental zone was the
least encountered as it was noted in 4/28 (14.2%) patients.
At least two color Doppler criteria were detected in 10/28
(35.7%) patients. Dark intraplacental bands on T2-weighted
images were the most frequently encountered MRI ﬁndings
in our patients representing 14/28 (50%), followed by hetero-
geneous signal intensity within the placenta in 10/28 (35.7%)
patients. At least two MRI were detected in 10/28 (35.7%)
patients. According to color Doppler ﬁndings 15/28 (53.5%)
patients were positive for placenta accreta and 13/28 (46.4%)
were negative. According to MRI ﬁndings 14/28 (50%)
patients were positive for placenta accreta and 14/28 (40%)
were negative. Color Doppler and MRI ﬁndings are shown
in Tables 2 and 3. Figs. 1–5
Elective pre-labor CS was done for all patients. Final surgi-
cal and pathological reports of our 28 included patients con-
ﬁrmed the diagnosis of placenta accreta in 11/28 (39.2%)
patients. Color Doppler was correct in 10/15 (66.6%) patients,
ﬁve false positive and one false negative. MRI was correct in
10/14 (71.4), four false positive and one false negative. TVS
and MRI had discordant diagnosis in one case in which color
Doppler was false positive. Color Doppler and MRI positive
and negative according to ﬁnal surgical and pathological re-
ports are shown in Table 4.
According to the ﬁnal surgical and pathological reports,
color Doppler sonography (US) had sensitivity 90% to predict
placenta accreta, speciﬁcity 70%, positive predictive value
67%, negative predictive value 92%, accuracy 78%, and errorTable 1 Characteristics of patients included in the study.
Patient characteristics Data
Maternal age (years) 23–30
3/28 (10.7%)
Gravidity Para 1
5/28 (17.8%)
Previous CS 23/28 (82%)
Previous dilatation and curettage 3/28 (10.7%)
Previous myomectomy 2/28 (7.1%)
History of previous placenta previa 1/28 (3.5%)
History of APHa episodes 13/28 (49.4%)
Gestational age at delivery (weeks) ±35 weeks
2/28 (7%)
Mean of delivery (CS) 28/28(100%)
a APH, anti partum hemorrhage.percentage 21%. MRI had sensitivity 90% to predict placenta
accreta, speciﬁcity 77%, positive predictive value 71%, nega-
tive predictive value 92%, accuracy 82%, and error percentage
17%. Color Doppler and MRI had the same sensitivity to pre-
dict placenta accreta, while the latter was a little bit more spe-
ciﬁc and accurate than color Doppler. Results are tabulated in
Table 5
4. Discussion
Placenta accreta encompasses various types of abnormal pla-
centation in which chorionic villi attach directly to or invade
the myometrium. PA is a signiﬁcant cause of maternal morbid-
ity and mortality and is now the most common reason for
emergent postpartum hysterectomy (1,2). Early diagnosis can
improve the perinatal prognosis by enabling preparations for
a possible obstetric emergency to be made such as hysterec-
tomy and massive transfusion (3,4). The diagnosis of placenta
previa accreta using grayscale sonography has been previously30–35 35–40
17/28 (60.7%) 8/28 (28.5%)
Para 2 Para 3 Para 4
7/28 (25%) 11/28 (39.2%) 5/28 (17.8%)
±36 weeks ±37 weeks
6/28 (21.42%) 20/28 (71.4%)
Fig. 1 Color Doppler (A) and MRI (B and C), both were positive for diagnosis of placenta accreta. (A) Color Doppler US image shows
hypervascular uterine serosa and bladder wall interface (long arrow), as well as placental lacunae (arrow head). (B) Sagittal T2WI showed
multiple dark placental bands (long arrows) and heterogeneous placental signal (short arrow). (C) Coronal T2WI showed multiple dark
placental bands (long arrow), heterogeneous placental signal (short arrow), interrupted serosal bladder interface and uterine wall bulging
(arrow head).
Fig. 2 Color Doppler (A) and MRI (B), false-positive sonographic and true-negative MRI ﬁndings for diagnosis of placenta accreta
(both modalities are discordant). (A) Color Doppler US image shows hypervascular uterine serosa and bladder wall interface (arrow). (B)
Sagittal T2WI shows normal myometrium wall, homogenous placenta and intact serosal bladder interface.
476 M.A.G. Shweel et al.described. More recently, color Doppler ultrasound has been
suggested to aid in the diagnosis of placenta previa accreta
because it highlights abnormal areas of hypervascularity with
dilated blood vessels within the placental and uterine tissues.
In recent years, there has been increased interest in magnetic
resonance (MR) imaging for the evaluation of PA (3).Our study was conducted on gravid women with prior post-
surgical uterine scar and abnormal placental position. Andrew
et al. and Silver et al. (4,6) reported that as Cesarean section
rate has increased, there has been a concomitant increase in
PA, their statistics illustrate the importance of the number of
Cesarean sections as a risk factor for PA. Also Yang et al.,
Fig. 3 Color Doppler (A) and MRI (B and C), both were positive for diagnosis of placenta accreta. (A) Color Doppler US image shows
gap in the myometrial blood, as well as hypervascular uterine serosal bladder interface (arrow). (B) Sagittal and (C) Coronal T2WI images
show thinning of the myometrium (arrow head), thin serosal bladder interface (short arrow), dark placental band (long arrows) and
heterogeneous placental signal (black arrow).
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centa previa are the two most important risk factors for devel-
oping placenta accreta and should elicit a detailed evaluation.
Several authors have attempted to make an antenatal diag-
nosis of placenta accreta sonographically, Yang et al., Hong et
al., Comstock et al., Elsayes et al., and Sumigama et al. (8–
10,12,13) reported that conventional gray-scale ultrasono-
graphic criteria for the diagnosis of adherent placenta can be
useful in determining the patient’s clinical outcome, as well
as in preparing her for surgery. In the present study we decided
to conﬁne our analysis to the color Doppler ultrasonography
and MRI, and to use grayscale abdominal sonar for selection
of patients. This was in agreement with Shih et al., Levine
et al., Christopher et al., and Chou et al. (11,14-16), who stated
that conventional gray-scale ultrasonographic criteria pro-
vided an ideal opportunity to screen PA and to detect more
true positives in women at risk.
In reviewing our data color Doppler sonography showed
sensitivity 90%, accuracy 78%, speciﬁcity 70%, positive pre-
dictive value 67%, and negative predictive value 92% for the
diagnosis of placenta accreta. Similar to our study, Bonnie
et al. (17) reported that sonography showed (93% sensitivity;
and 71% speciﬁcity). Levine et al. (14) showed color Doppler
imaging had a sensitivity of 86% and a speciﬁcity of 92%.
Warshak et al. (18) stated that sonography had sensitivity of
77% and speciﬁcity of 96%. This discrepancy in sensitivity
and speciﬁcity in the latter study and ours could be explainedon the bases that our results showed ﬁve false positive cases,
and one negative case. The low false negative results in our
study may be contributed to the fact that all placentas were
anterior in position. On the other hand a high false positive
cloud be explained by the fact that 16 patients had more than
one prior CS with the formation of bladder varices and neo-
vascularized vessels mistaken as abnormal bladder–uterine ser-
osa interface hypervascularity which was assumed to be
placenta accreta. The false-negative one was obese and had a
pregnancy with breech presentation, in this patient, the color
Doppler imaging diagnostic errors were due to shadowing by
fetal parts leading to false negative results.
In the current work, MRI ﬁndings showed sensitivity 90%,
accuracy 82%, speciﬁcity 77%, positive predictive value 71%,
and negative predictive value 92% for the diagnosis of pla-
centa accreta. Our results go in accordance with the results
of Lim et al. (19) who reported that abnormal placentation
was correctly identiﬁed by MRI in seven of nine patients
(two false positive) and the absence of accreta in three of four
patients (one false negative). Bonnie et al. (17) reported that
MRI showed (80% sensitivity and 65% speciﬁcity) for the
diagnosis of PA. Lam et al. (20) used MRI in a limited number
of patients with PA (used MRI in 8 of 30 included patient)
with low MRI sensitivity, he explained that the weak perfor-
mance of MRI was attributed partially to the fact that there
were no recognized criteria with which to make a deﬁnite diag-
nosis by MRI.
Fig. 4 Color Doppler (A) and MRI (B and C), both were positive for diagnosis of placenta accreta. (A) Color Doppler US image shows
hypervascular uterine serosal bladder wall interface (arrow). (B) Coronal image shows heterogeneous placental signal (arrow head), and
uterine wall bulging (long arrow). (C) Sagittal T2WI image shows heterogeneous placental signal (arrow head) and thin serosal bladder
interface (long arrow).
Fig. 5 Color Doppler (A) and MRI (B), both were positive for diagnosis of PA. (A) Transvaginal US image shows small placental
lacunae and hypervascular uterine serosal bladder wall interface (arrow). (B) Sagittal T2WI. shows thinning of the myometrium, thin
serosal bladder interface as well as uterine wall bulging (arrow).
Table 4 Color Doppler US and MRI positive and negative results in correlation with ﬁnal surgical and pathological reports.
True positive False positive True negative False negative
Color Doppler US 10 5 13 1
MRI 10 4 13 1
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Table 5 Sensitivity, speciﬁcity, PPV and NPV of color Doppler US and MRI to predict placenta accreta according to ﬁnal surgical
and pathological reports.
Sensitivity (%) Speciﬁcity (%) Accuracy (%) PPV (%) NPV (%)
Color Doppler US 90 70 78 67 92
MRI 90 77 82 71 92
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ing with gadolinium had sensitivity of 88% and speciﬁcity of
100%. The difference in speciﬁcity of MRI in this study and
our study could be due to the use of gadolinium, they used
gadolinium because they thought that it more clearly delin-
eated the outer placental surface relative to the myometrium,
thereby adding speciﬁcity. In our study we did not use gadolin-
ium. Judith et al. (21) proposed that gadolinium use in preg-
nancy is controversial as it is excreted by the fetal kidney
and has the potential to depress fetal/neonatal thyroid func-
tion. Lax et al., and Teo et al. (22,23) found that the most use-
ful MRI ﬁndings for the diagnosis of placenta accreta were
heterogeneous signal intensity within the placenta, and dark
intraplacental bands on T2-weighted images. This was in
agreement with MRI ﬁndings in our study.
In our study 10 patients showed two or more color Doppler
and two or more MRI criteria for PA, all of them were correct
(true positive) regarding the ﬁnal surgical and pathological re-
ports. Similar to our study, Lerner et al. (24) stated that color
transvaginal sonography may improve accuracy for antenatal
diagnosis of placenta accreta by improving the near-ﬁeld reso-
lution of the interface between the placenta and the lower uter-
ine segment. Shih et al. (11) reported that using two or more
color Doppler criteria in the diagnosis of PA was more reliable
to correctly diagnose placenta accreta.
We looked at the comparison of sensitivity and accuracy of
color Doppler sonography and MRI in the diagnosis of pla-
centa acrreta, we found that both modalities has the same sen-
sitivity, MRI was a little bit more accurate than color Doppler
sonography. These ﬁndings were in line with those of Lam et al.
(20) who stated that MR imaging did not increase the level of
conﬁdence in diagnosis and they could not say that one modal-
ity is more sensitive than the other. Bonnie et al. (17) demon-
strated that sonography and MRI have fairly good sensitivity
for prenatal diagnosis of placenta accreta.
The advantages of our study were that both modalities were
used in the same group of patients with direct comparison of
the sensitivity and accuracy of color Doppler sonography
and MRI in them, the limitation of the study was the narrow
zone of selection of patients with abnormal placental position
and prior uterine surgery, so we tested the sensitivity and accu-
racy of both modalities in the diagnosis of PA in very highly
risk patients
5. Conclusion
Color Doppler and MRI ﬁndings in patients with risk factors
for placenta accreta were useful in establishing and predicting
antenatal placenta accreta diagnosis or exclusion with positive
impact on peripartum clinical management and outcome. Col-
or Doppler sonography and MRI have nearly the same sensi-
tivity for prenatal diagnosis of placenta accreta. MRI did not
increase the level of conﬁdence in the diagnosis of PA.References
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